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1. Introduction and Project Overview 

The U.S. Department of Defense maintains one of the largest healthcare networks in 
the world, supporting in-patient and out-patient care not just for the active military, but 
their families, reserve forces, veterans, and even civilians local to various military 
treatment facilities (MTF). As such, each MTF experiences a wide variety of patients 
and clinical requirements.  

Intensive Care Unit (ICU) patients present healthcare teams with unique challenges and 
complex combinations of life-threatening injuries and illnesses. Care for these patients 
is necessarily multidisciplinary. Care providers across professions must collaborate to 
make effective decisions, develop treatment plans, assess patient progress, and refine 
management over time. Management decisions, though, are only as good as the 
information available when they are made. For this reason, the Institute of Medicine 
recommended improving access to accurate, timely information, and making relevant 
information available at the point of patient care to improve patient safety. Despite 
advances in computer systems and knowledge resources, communication failures 
between resources and healthcare providers continue to cause the majority of 
misadventures in healthcare delivery. Critical information for decision making remains 
difficult to access and deliver, and is often missing at decisive moments.  

Healthcare providers in an ICU environment amount to a joint cognitive system that can 
be studied, modeled, and assisted through scientific methods and information 
technology to improve decision making and, thus, improve patient care. The daily work 
of the clinician requires knowledge representations as part of this joint cognitive system 
to serve as a map for the ever-changing environment of work that must be successfully 
navigated. 

As we envision it, the Cooperative Communication System (CCS) is part of a joint 
cognitive system that allows the healthcare team to remain connected to an individual 
patient and to each other across time and space as the team delivers patient care. As 
such, it can keep providers informed of a patient’s status, of other healthcare providers’ 
activity related to each patient, and of potential discrepancies among healthcare 
providers’ broadly defined, patient driven goals, specifically defined objectives, and 
individually focused tasks. This type of networked system could also extend beyond the 
fixed walls of a hospital to incorporate pre-hospital, contingency operations, and theater 
evacuations. For example, when a soldier is injured, a networked communication 
system could immediately start relaying information to a Forward Surgical Team or 
Combat Support Hospital to keep the receiving healthcare team apprised of the 
patient’s status so that they can adequately prepare. Handoff on arrival is then 
facilitated. The enhanced communication afforded by this system will decrease 
complications which will directly improve patient outcomes. 

In addition to the improved communication among providers, this project explores the 
potential to provide relevant information to support clinician decision making. The 
potential exists for the use of artificial intelligence algorithms to display pertinent, 
prioritized information to a specific healthcare provider to support their current task. As 
more data becomes available to the AI system during patient care, the CCS will 
continuously (in real time) improve its availability and priority of the information 
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displayed. This type of decision support should aid care providers from novice to 
experienced clinician by expanding support for decision making. Through decision 
support, patients might receive more accurate and timely diagnoses, more timely and 
appropriate testing, and best evidence-based care. The time lag from “bench-to-
bedside” evidence-based interventions can be markedly reduced. Through better 
communication among the healthcare team and by dramatically enhancing the 
availability of salient information necessary to make decisions, we expect the CCS to 
reduce complications and costs and to improve overall patient outcomes.  

The goals of this project include: 
 
 PHASE 1: Describe patient progress through intensive care to create a shared 

mental model for clinicians of all specialties; 
 PHASE 1: Provide a thorough account of the clinician cognitive work (i.e., work flow 

and decision requirements) for clinical work in the ICU, including accountability of all 
pertinent recorded and non-recorded data; 

 PHASE 1: Present design requirements for the information, the underlying cognitive 
networking rules, and the display format of an IT-based cognitive aid for healthcare 
delivery (the Cooperative Communication System); 

 PHASE 1: Derive quantitative evaluation criteria for comparative evaluation of 
clinical support tools; 

 PHASE 2: Present a prototype CCS design for testing and implementation in the 
USAISR Burn ICU; 

 PHASE 3: Develop a test bed based on the clinical environment for Test and 
Evaluation of the CCS and other clinical support tools. 

 
Phase 1 tasks developed a valid understanding of the Burn ICU work domain, and 
individual and group cognitive work: 

 Task 1.1: Initial Observation of the Burn ICU. Through observation and informal 
interviews, ARA will identify care activities, workload requirements, decisions in 
patient care, and the cognitive artifacts clinicians use and create a structured 
interview guide that will drive the remaining work of this phase. 

 Task 1.2: CTA Structured Interviews and Observation. ARA will conduct CTA based 
on the observations from Task 1 and the interview guide. The structured interviews 
with clinicians will identify the processes, tools and cognitive artifacts, and data they 
use during their patient care activities. 

 Task 1.3: Integrated Data Analysis and Model Development. ARA will analyze the 
data gathered in Tasks 1 and 2 and build valid representations of the cognitive work. 

 Task 1.4: Decision Model and Design Requirements. ARA will develop specific 
decision requirements that are necessary for care management in the ICU. 
 

Phase 2 tasks use Phase 1’s research to develop design requirements for the IT-based 
cognitive aid, evaluation criteria, and a functional prototype of the CCS design: 

 Task 2.1: Scoping and Planning. The ARA and the USAISR will translate the Phase 
1 findings into detailed software requirements. 
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 Task 2.2: Analysis. The ARA and the USAISR will analyze software requirements 
and write preliminary designs focused on the user interfaces and main architectural 
features. 

 Task 2.3: Design Phase. The ARA, the USAISR, and the SSCI will develop the 
software designs including specific coding and communication details. 

 Task 2.4: Implementation, Integration and Testing. ARA. the USAISR, and SSCI will 
perform routine regression testing throughout the software coding effort. The 
culmination of these tasks is a user acceptance test of the application. 

 
Should funding be made available for Year 3, the project team will perform a thorough 
evaluation of a series of prototype versions with clinicians at the USAISR. 
 
 Task 3.2: Evaluation Testing. ARA use outcome-oriented evaluation to assess the 

prototype CCS concepts. 
 

2. Accomplishments 
 
For the past year, the ARA, the USAISR, and the SSCI project staff members have 
worked to refine Phase 1 results, including the design requirements, and to develop the 
CCS prototype.  

During Phase 2 of the project, we completed data collection with one week-long site 
visit to the Burn ICU followed by intensive two-day analysis sessions. We performed this 
site visit to complete Task 1.1 and Task 1.2 and to validate the study results, the 
cognitive model assumptions, and to verify design requirements (Task 1.3 and Task 
1.4). Analysis sessions were devoted to data review and assessment, and the 
development of both decision requirements and representations of individual and team 
cognitive work performed in the USAISR Burn ICU (Task 1.3 and Task 1.4). In addition 
to analysis sessions, the team conducted two design workshop sessions, where we 
translated findings into design requirements (Task 2.1) including detailed use cases. We 
translated initial design ideas that were developed during the design sessions into 
information design prototypes, then validated these with clinicians during a final site visit 
(Task 2.2). The modular prototype that ARA and our subcontractor SSCI are developing 
is based on results of all preceding tasks. We plan to test the first prototype with 
clinicians in December 2014 (Task 2.3).  

a. Data Collection  

The team performed all on-site observations and interviews, and removed all patient 
personal health information (PHI) and personally identifiable information (PII), in 
accordance with the IRB-prescribed procedures.  

ARA researchers collected data at the USAISR during the week of November 18-22. 
The research team included three members from Cognitive Solutions Division, 
supported by a member of ARA’s San Antonio Office. During the trip, the research team 
conducted 10 interviews with members of the USAISR Burn ICU clinical and support 
staff that lasted an average of 20 to 30 minutes. The visit gave the research team the 
opportunity to fill gaps that had been identified during data analysis sessions. Gaps 
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included identifying key areas of information exchange between Burn ICU staff, such as 
patient trips to the OR, shift changes, and patient transitions into and out of the unit. 
Each made a more focused observation possible to better understand the exchange. 
The research team also collected more data from residents and medical students on 
their roles and needs. ARA researchers verified findings from the analysis and data 
synthesis, as well as beginning system requirements, with key Burn ICU staff members.  

ARA team members also circulated through the BICU to observe clinical activities and 
occasionally ask informal questions of those who had consented to participate in the 
study. To verify face validity, the research team also reviewed requirements tables from 
the November data analysis meetings with a range of clinical roles (e.g., RN, LVN, 
Occupational and Physical Therapists, and Physical Therapist Assistant, Respiratory 
Therapist, and Intensivist). A report for this visit is in Appendix A. 

The on-site research nurse has continued to assist the research team with data 
collection. She helped satisfy IRB human-subject research requirements and, as of 
November 22, 2013, had obtained the consent of 151 Burn ICU staff members. She has 
established a rapport with Burn ICU staff and key personnel in the ISR. She has also 
answered numerous questions the research team has had about the Burn ICU, 
including Burn ICU layout, staffing requirements, staff communication, workflow, staff 
duties, and standard procedures.  

b. Data Analysis

During the reporting period, the ARA team also conducted a series of intensive 1-2-day 
data analysis sessions on August 27-29, November 5-7, and December 16. Elaborating 
on the first year analyses, ARA researchers initially met to walk through initial themes to 
be further explored in the data. Data analysis meetings developed both initial 
descriptions of barriers the staff encounter and cognitive work they perform. Both are 
themes that appear across the majority of data the team has collected.  

After the two-day session in August, a few of the team members met several times to 
further refine and define the themes that would be used to categorize the data. Upon 
agreement researchers then analyzed all of the interview and observation notes and 
categorized the data according to the agreed-upon cognitive themes and barriers that 
Burn ICU personnel experience. The notes included in each of these categories were 
then individually reviewed and synthesized for further themes in the data. 

The team sorted summary statements according to the different themes in order to 
describe barriers, information requirements, and technology requirements. These were 
the beginning of the design requirements that were subsequently confirmed and 
expanded upon by Burn ICU personnel. These findings were developed into the Data 
Requirements Table is included in Appendix B. We refined the diagram (see Appendix 
C) that shows the information sources available to Burn ICU personnel, including who
has access to the source, and what type of source it is (e.g., paper, electronic, 
combined paper/electronic, and communications). We also expanded the working 
relationships diagram to better define essential roles to include in the interface 
information views. 
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During the November data analysis session, the research team created a plan for the 
November data collection visit by identifying gaps that needed to be filled. The team 
also planned to verify findings from the analysis and the initial system requirements with 
key Burn ICU personnel. 
 
The December analysis session was used to refine the design requirements following 
the November data collection visit. This resulted in the final design requirements as well 
as a complete description of barriers to patient care. 
 
The team delivered the final report for Phase 1 in February 2014.  
 
c. Evaluation Measures  
 
Building on the design requirements, the team developed measures to assess CCS 
interface usability, how well the system meets the design requirements, how well the 
system supports cognitive work. The research team has assembled an initial set of 
metrics (see Appendix D) that will be used to evaluate CCS prototype usability. 
Subsequent measures now in development will be used to assess system 
requirements, cognitive work support, and clinical outcomes. Evaluation planned for 
Year 3 will seek to learn how it might affect specific clinical outcomes. We will continue 
to refine these measures while we develop the CCS prototype. 
 
d. Use Cases 

The team developed detailed use cases (see Appendix E) to illustrate how the design 
requirements supported the Burn ICU workflow. The use cases then served as the basis 
for machine learning use cases that subcontractor SSCI developed. ARA worked with 
the ISR and subcontractor SSCI, to develop a set of functional requirements and use 
cases (Appendix E) to apply machine learning capabilities within CCS. We identified 
three functional requirements for machine learning to meet: 1) Identification of clinician 
records for similar patients, 2) Prediction of future patient record state, and 3) 
Identification of significant patient and clinician records. 

e. Information Design Prototypes 

The ARA research team, ARA development team (Josh Blomberg), and SSCI (Rob 
Smith) met for a two-day data analysis and design session on December 16-18, 2013 in 
ARA’s Fairborn, OH office. The USAISR development team and Co-PI, Dr. Pamplin, 
participated by phone and FaceTime. During this session, the team refined and revised 
the design requirements based on feedback that was collected during the USAISR visit. 
The second day was dedicated to a design workshop session in which the group 
brainstormed design ideas that would facilitate timely, effective, and efficient patient 
care. During the session, team members jotted down ideas and shared using Post-It 
notes. The group then divided into smaller teams that designed rough representations 
of interfaces, then presented them to the larger group. The session provided the 
interface designer with beginning interface concepts to further develop and refine. The 
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research team also updated and refined the use cases that the software development 
team would need. 

The ARA team also held a similar design session at the USAISR on February 7, 2014 to 
capture clinician insights. Two members of the ARA research team conducted a design 
workshop including a discussion of the use cases followed by brainstorming activities 
and design workshops. We asked session participants to answer questions such as 
“What could a patient view look like?” To respond to the questions, the group divided 
into smaller teams according to clinical roles. Developers divided themselves among the 
different teams. Each created rough sketches of a display that made sense to them, 
then explained their concept to the larger group and discussed their reasoning with all 
participants.  

The two design sessions (researchers and developers at ARA in Fairborn and the 
clinicians at the USAISR) generated nearly the same amount of brainstorming data and 
paper prototypes. This illustrates the power of the team’s methodology and its ability to 
capture and make sense of complicated and complex domains. Based on these 
sessions, the ARA team then developed several versions of the interface design, 
resulting in an information design prototype based on Year 1 findings and requirements. 

Three members of the ARA research team, supported by one San Antonio office staff 
member, visited the USAISR in San Antonio March 23-28, 2014 for a design review and 
validation of the candidate displays by those who would use them. The research team 
identified gaps in the interface content and identified improvements that could be 
completed before programming began. The team also verified the key systems 
requirements with selected members of the Burn ICU staff. Using this information the 
display concepts were further refined to create the information design prototypes that 
are included in Appendix F. 

f. Software Prototype  

Josh Blomberg, of ARA, and Jeff Morrison, of SSCI, met with the Task Area Manager, 
Jose Salinas, at the USAISR on 10 October to plan CCS software development. The 
discussion included USAISR software development requirements (including SOPs), and 
requirements for Information Assurance (IA) and medical device determination. Their 
discussion addressed an issue that has posed a major hurdle for the project: access to 
relevant medical databases during development. To gain access to actual patient data 
we would have to create an isolated development environment at the USAISR that is 
not connected to either the medical record or to the greater military network. Historical 
views of in-patient data could then be placed into this isolated network making it 
possible for the CCS system to be developed and tested using actual, although limited 
to only Essentris in-patient electronic health record data.  

Over the past year, the ARA team and members of the USAISR staff have spent 
significant time and effort to gain access to relevant medical databases by pursuing 
both internal and external options. Among those initiatives, we found Phillips eICU 
patient data closest to CCS needs. After entering into a non-disclosure agreement with 
Phillips, Josh Blomberg of ARA obtained and loaded the test Phillips database, then 
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analyzed the data set and determined that it would easily map to the relational database 
used in CCS.  

On September 5th, USAISR Information Management Division (IMD) staff gave 
USAISR software engineers access to the isolated development environment. As we 
complete this report, we are waiting for necessary electronic medical record data to be 
loaded into this environment and begin to add necessary software programs to it. 

As we explored these data access options, we continued to advance the prototype 
development process, as described below. 

i. Architecture

ARA developed a system architecture that describes how to integrate the CCS user 
interface, machine learning, electronic medical record databases, and data warehouse 
components. We are pursuing a modular system architecture connected to notional 
medical databases. During the past year, we also discussed software architectures that 
are approved for use within the ISR environment, and determined that ARA’s proposed 
web-based architecture satisfies initial system requirements and has a defined pathway 
to gain approval for use on DHA networks. 

ARA has an initial environment for software development and integration, and 
established a repository for version control. Accounts have been created for ARA and 
SSCI personnel. ARA began prototyping a web-based user interface for CCS based 
upon the information design prototypes. ARA also began to create the architecture for a 
CCS web site and for integration of SSCI’s component technologies. The architecture is 
based on ASP.NET web services and uses a Microsoft SQL Server database. 

SSCI has also established a local repository of their software components and libraries 
that are intended to be used in CCS. These include the PaRSA, POINT, and CrossCat 
programs. CrossCat was developed as a part of DARPA’s XDATA program to find 
relationship between columns of database content, and the MedMAPP system, 
developed for the NIH as a way to track medically-relevant trends in social media. 

ii. User Interface

The CCS user interface will maintain a real-time view of the electronic health record and 
incorporate results from machine learning as they are made available via a relational 
database. To that end, ARA developed a customizable widget-based web framework for 
use in CCS. Users will be presented with a default CCS user interface view that can be 
customized. Our approach allows users to configure which data elements appear on 
their display. Developers will be able to note customization choices that users make. 

Development and research teams reviewed and improved versions of the software 
prototype and reviewed it with selected USAISR prospective users for their feedback. 
The development team was given access to the records of two deceased patients in 
August, as part of a IRB sanctioned non-human subjects research protocol. The team is 
now connecting components of the interface to these patient data. Future versions of 
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the CCS prototype may also mine data on how clinicians customize the interface to 
detect possible relationships between display customizations and patient outcomes. 

iii. Machine Learning

SSCI is responsible for the development of the machine learning features of CCS. 
These will periodically poll the electronic health records to populate a data warehouse.  
Their analytic software will review those data to extract patterns based on user queries. 
The results will be transferred to the CCS database and used to invite clinician attention 
to patterns that might otherwise remain unnoticed.  

During this year, SSCI developed a draft application programming interface (API) for the 
data analytics module that will be delivered during development and testing of the final 
CCS prototype. In June, SSCI demonstrated their data analytics engine based on 
SSCI’s implementation of a scalable Bayesian inference technology known as 
CrossCat. The engine can be hooked to generic databases, as well as during notional 
testing to show how the engine can handle mock medical data. The engine runs 
asynchronously in the background using existing patient data. At the same time, it can 
also deliver the specific items noted below in real time, based on the engine’s current 
best model learned from the existing data. 

Our inability to obtain access to patient data has so far prevented SSCI from developing 
a machine learning capability that is customized to USAISR data. Instead, SSCI has 
developed a generic engine that can be quickly adapted to: a) whatever data sets 
eventually emerge, b) a wide variety of required prediction and analysis tasks, as the 
requirements in the rest of the project team clarify, and c) the scale of the datasets with 
which we may have to handle. The background engine’s built-in ability to be distributed 
across multiple computers should enable CCS to manage large datasets. 

Only very limited Essentris data has been made available for development at the time of 
this report. To mitigate this challenge, SSCI has developed a technique to expand the 
volume of available data if Essentris data access remains limited. This technique is to 
create synthetic seeded patient condition data, by using the CrossCat search engine. 
By inferring the statistics of relevant data fields using relevant samples of data, we can 
use the engine to generate synthetic data with known and relevant statistical properties. 
After this, confirmation of the system’s correct operation later in referencing real patient 
data is straightforward. 

As the CCS project proceeds, we expect adaptation of SSCI’s machine learning 
approach should be a matter of supervised learning: asking the search engine the right 
questions, and providing it with the right data. These adaptations will not require 
significant development within the engine itself. After the initial check-in and 
demonstration of the prototype, we expect to spend the remainder of this project year 
completing adaptations and refinements according to the development milestones 
(Appendix G). While some tasks have been completed, others have been re-planned 
based on coping with data availability issues.  
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3. Deliverables Status

The deliverables to date include: 

1. Approved Human Subject Protocol: Final approval completed 27 February 2013,
Amended protocol approved April 30, 2013

2. Visit Reports (x4):
a. First site visit March 4-8, 2013
b. Second site visit May 20-24, 2013
c. Third site visit July 22-25, 2013
d. Fourth site visit November 18-22, 2013

3. Initial Software User Interfaces: January 2014
4. Burn ICU Cognitive Model: February 2014
5. Phase 1 Final Report: February 2014
6. Finalized User Interfaces: April 2014
7. Initial Burn ICU Metrics: September 2014

Pending deliverables include: 

8. Controlled test environment: Started, delivery October 2014
9. First iteration of working Prototype: Started, delivery December 2014
10. Interim user evaluation of prototype: expected December 2014
11. Final Report Phase 2: expected February 2015

Provision and delivery will depend on the no-cost extension and Year 3 funding: 

12. Second iteration of prototype: expected March 2015
13. Second interim user evaluation of prototype: expected April 2015
14. Third iteration of prototype: expected June 2015
15. Third iteration of prototype: expected July 2015
16. Finalized CCS program: expected August 2015

The following activities are planned for September-December 2014: 

a. Complete an initial CCS prototype (Task 2.4)
b. Finalize assessment metrics and conduct evaluation testing (Task 3.2)
c. Develop and verify initial notions of scenarios (Task 3.1 & Task 3.3)
d. Conduct usability assessment of prototype (Task 3.4)

4. Administrative

Applied Research Associates, Inc. (ARA) has been under Contract W81XWH-12-C-
0126 to the U.S. Army Medical Research & Material Command’s (USAMRMC) 
Telemedicine & Advanced Technology Research Center (TATRC) for two years. CCS 
prototype progress has been delayed due to unforeseen challenges in obtaining access 
to patient data and the databases required for Phase 2 development work. Based on 
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this delay, we requested and obtained a no-cost extension to allow for the prototype to 
be developed and connected to a database with actual de-identified patient data.  

5. Equipment and Supplies 

During the year, the team acquired a software development package with standardized 
graphics to aid the computer programing team. 

6. Reportable Outcomes 

During the reporting period, the research team has produced the following professional 
publications, and presentations that are included in Appendices H through L. 
 
Book Chapter 

Nemeth, C., Anders, S., Brown, J., Grome, A., Crandall, B., & Pamplin, J. (in press). 
Support for ICU clinician cognitive work through CSE. In A. Bisantz, C. Burns & 
T. Fairbanks (Eds.), Cognitive engineering applications in health care. Boca 
Raton, FL: Taylor and Francis/CRC Press. (editor proof provided) 

 
Proceedings 

Nemeth, C., Anders, S., Grome, A., Crandall, B., Dominguez, C., Pamplin, J., Mann-
Salinas, E. & Serio-Melvin, M. (2014, October). Support for ICU resilience: Using 
Cognitive Systems Engineering to build adaptive capacity. Proceedings of the 
Systems Man and Cybernetics Society 2014 International Symposium, San 
Diego. (oral presentation) 

 
Presentations 

Nemeth, C., Anders, S., Brown, J., Crandall, B., Grome, A., Chung, K., Mann-Salinas, 
E., & Pamplin, J. (2014, January). Discovery of Burn ICU critical care 
complexities and the implications for Health IT Design. Poster presented at the 
Society of Critical Care Medicine, San Francisco. (poster presentation) 

Pamplin, J., Anders, S., Brown, J., Crandall, B., Grome, A., Chung, K., Mann-Salinas, 
E. & Nemeth, C. (2014, January). Use of Cognitive Systems Engineering to 
reveal burn ICU decision-making and information sources to aid health 
information technology design in the Burn ICU. Symposium conducted at the 
Society of Critical Care Medicine, San Francisco. (oral presentation) 

Nemeth, C., & Pamplin, J. (2014, August). Developing a cognitive and 
communications tool for Burn ICU clinicians. Symposium conducted at the 
Military Health System Research Symposium, Ft. Lauderdale, FL. (oral 
presentation) 

7. Conclusions 

Cognitive Systems Engineering (CSE) group’s study of work and information flow 
through this DOD critical care facility in Year 1 produced a descriptive model of patient 
progress through the ICU, including clinician decision requirements. The resulting 
description of the work domain, information sources, and clinician work practice yielded 
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39 requirements for the CCS prototype that are now being developed in Phase 2, and 
criteria that will be used to evaluate the prototype in Phase 3.  

During Phase 2, we have developed user-oriented use cases and information design 
prototypes based on Phase 1 findings. We have developed a programming prototype 
that translates the information design’s organization and information into an interactive 
interface. Our subcontractor has also begun to develop approaches to machine learning 
that will survey patient data to detect patterns and trends that are clinically relevant. We 
are developing criteria to evaluate the programming prototype at the USAISR, which is 
scheduled for early December.  

The main challenge during this phase has been difficulty gaining access to patient data. 
We have been informed a development environment will be available for us to use in 
October 2014. We have requested and obtained a no-cost extension through mid-
December 2014, and are still awaiting Year 3 funding. 

As the study continues, the research team plans to:  
 
 Finish prototype development, including the ability to mine data for relevant 

information. 
 Test and validate the prototype in concert with other IT solutions currently in use. 

Assessment criteria based Year 1 research will be used to evaluate prototypes.  
 Seek avenues to test and validate in an actual clinical setting.  
 
The system it produces is expected to improve communication, information flow, and 
workflow among and across clinical providers and support staff.  
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9. Appendices 

 
Appendix A. AISR Trip Report – November 2013 
 
23 November 2013 
 
From:  Christopher Nemeth, PhD 
To: Betty Levine, TATRC 
Cc: LtCol Elizabeth Mann-Salinas, US Army Institute for Surgical Research 
 
Subj: Trip Report: AISR Data Collection 17-22 Nov 2013 
 
1.  Executive Summary.  Applied Research Associates, Inc. (ARA) is under Contract 
W81XWH-12-C-0126 to the U.S. Army Medical Research & Material Command’s 
(USAMRMC) Telemedicine & Advanced Technology Research Center (TATRC). The 
Cooperative Communication System is intended to be part of a joint cognitive system 
that allows the healthcare team to remain connected to an individual patient and to each 
other across time and space as the team delivers patient care. In addition to the 
improved communication between providers, this project explores the potential to 
provide relevant information to support clinician decision making. Data collection visits 
during Year One provides the descriptive model and decision requirements for Year 
Two prototype development. 
 
2. Staff.  Three members of the Applied Research Associates research team made this 
trip to San Antonio: Shilo Anders, PhD, Anna Grome, and Christopher Nemeth, PhD. 
Dianne Hancock from the ARA San Antonio office supported the visit. 
 
3. Activities.  All information was collected in accordance with IRB-prescribed 
procedures to remove patient personal health information.  
 
a. Interview. To learn answers to questions developed in November data analysis 
sessions, conducted 10 interviews lasting an average of 20 to 30 minutes each with 
members of the AISR Burn ICU clinical staff in the following roles: 
 

Intern 
Burn OR Chief Nurse 
Anesthesiologist 
Bedside Nurse (3) 
Respiratory Therapist 
BICU Chief Nurse 
Charge Nurse (2) 

 
b. Observation. Team members circulated through the BICU to observe clinical 
activities, and ask occasional informal questions of those who had consented to 
participate in the study. 
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c. Review. To verify face validity, Ms. Grome, Dr. Nemeth, and Dr. Anders reviewed 
requirements tables from the November data analysis meetings with  a range of roles: 
Bedside Nurse (RN, LVN), Occupational and Physical Therapist and Physical Therapist 
Assistant, Respiratory Therapist, and Intensivist.  
 
d. Task Area Manager Meetings.  
 
 Dr. Nemeth and Ms. Grome met on November 17 with LtCol Pamplin to discuss 

Phase 1.  
 Dr. Nemeth and Dr Anders met on November 22 with Task Area Manager Dr. 

Salinas, LtCol Pamplin, and Ms. Mario-Selvin to discuss Phase 2. 
 
4. Results. The research team developed a number of work in-progress items to begin 
concept development, support data analysis, and prepare for the next data collection 
visit.  
 
a. Interview notes. In-depth notes accounting for data that were collected according to 
the November data analysis session notes 
 
b. Observation notes. Notes team members made during observations and brief 
discussions with members of the BICU clinical staff.  
 
c. Annotated requirements tables. 
 
d. Diagrams. Scale drawing of the BICU and OR spaces floor plan.  
 
e. Annotated draft of book chapter accepted for upcoming CRC Press text The 
Handbook of Cognitive Engineering in Healthcare.   
 
5. Further work.   Next steps for the project will be to: 
 

a. Review results from this data collection visit. 
b. Translate field drawing into finished illustration. 
c. Revise requirements tables 

 
6. For further information, contact Dr. Nemeth at 937-825-0707, or cnemeth@ara.com. 
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Appendix B. Data Requirements Table 

Based on the synthesis and integration of findings, the team developed an initial set of system requirements for CCS 
using the following questions:  
 
 What is the barrier or challenge the clinical team faces?  
 What does the clinical team need/require to overcome that challenge? 
 What system or display features could help address that challenge?  
 What is the anticipated impact of meeting that requirement on team coordination, efficiency, and patient care?   

 
This Appendix contains the full set of initial requirements, the problems they are intended to address, the system features 
suggested by requirements, and initial ideas about how system features might affect patient care, efficiency and length of 
stay.    
 

Problem/Barrier Needs/Requirements System Feature Concepts Anticipated Impacts 

No effective means 
to synchronize and 
adapt different 
aspects of patient 
care over the 
course of a shift 
(e.g., among RN, 
OT/PT, wound 
care)  
 
Lack of awareness 
around activities/ 
events that are 
tightly coupled  
 
No efficient 
communication of 
patient status 

 Need to determine optimal 
timing and sequence of 
activities 

 Need awareness of 
planned/scheduled patient 
care activities (e.g., wound 
care, rehab, line changes, 
etc.) 

 Means to share the plan 
 Means to adapt the plan in 

real time and share 
changes across the team. 

 Bedside Nurse needs to 
shift the goals and priorities 

 Means  to know how 
changes in orders affect/ 
change planned activities 

 Means to know what 

 Visualization of patient schedule 
for shift (patient x time), 
shareable across team 

 Ability to sequence or overlap 
patient care activities 

 Configurable patient groupings 
 Prepackaged text to indicate 

changes to schedule (e.g., 
there’s a ½-hour delay in PT) 

 Sequence, time of planned 
activities 

 Provide reason for delay, and 
remedy (using pre-packaged 
text) 

 Overview through time, for unit 
management 

 Visually connect interdependent 
events 

 Patients get needed 
care with fewer delays 

 Efficient use of staff 
time 

 Reduces unmet 
treatment plans and 
intentions 

 Supports re-planning – 
helps staff identify 
windows of 
opportunity  
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Problem/Barrier Needs/Requirements System Feature Concepts Anticipated Impacts 

change across 
disciplines  

planned events are and 
who needs to be there 

 Practitioners need to 
understand what’s going on 
with their group of patients 
across the shift (whatever 
their group happens to be) 

 Prompt/notify appropriate person 
when change impacts their 
activity (e.g., when wound care 
impacts PT/OT and RT) 
 

Updated 
information is 
available but not 
readily accessible 
or visible to 
clinicians  
(e.g., cultures)  

 Clinicians need to be aware 
that updated information is 
available, particularly re: 
lab cultures 

 System provides news feed from 
lab about cultures.   

 Red/amber/green about status of 
labs (received or not; in 
progress; completed) 

 Fewer care delays 
 More efficient tracking 

and follow up 
 Better use of staff time 
 Less reliance on 

verbal exchanges 

Orders late, 
missing, or 
overtaken/replaced 
by other orders 
 
Reliance on verbal 
orders and no 
standardized way 
to share orders  
 

 Need efficient, accurate 
way to specify meds, 
procedures 

 Physicians need access to 
orders from Charge Nurse’s 
checklist 

 Physicians need prompts to 
enter orders 

 Need indicator of status of 
order entry (has it been 
placed or not?) 

 Need indicator of status of 
order (in process, 
completed) 

 Physicians need to be 
aware when entering order 
that it’s the same as or 
different from previously 

 Order pick list and window per 
patient to support real-time order 
entry during rounds 

 Order status (have orders been 
received? Completed?) 

 Notify others if needed  (e.g., 
infections control) 

 Provide prompt for delayed order 
entry (based on programmable 
timing tripwire) 

 Display the information required 
to make decisions about an 
order available with the order 
(the relevant parameters) 

 Provide molar/aggregated view 
of delays for a given patient 

 System will track (and possibly 
highlight) when an order has 

 Fewer care delays 
 More efficient order 

entry and tracking 
 Better use of staff time 

– reduced need for 
repeated follow-ups 

 Reduced reliance 
verbal orders  



W81XWH-12-C-0126 

Page 20 of 132 

Problem/Barrier Needs/Requirements System Feature Concepts Anticipated Impacts 

entered orders 
 Changes to orders need to 

be disseminated to wider 
team so that team has 
common ground. Changes 
in orders need to be 
apparent to whole team 

been changed. 
 System will provide timestamp 

for orders 
 

Documentation 
requires significant 
time from key 
members of the 
clinical team (RNs, 
Residents, RTs, 
etc.) and is often 
redundant 

 Information Management 
tools and processes built 
around efficient use of staff 
time and effort 

 Minimize staff time required 
to capture information by 
reducing redundant 
information gathering and 
entry 

 Minimize staff time spent as 
the ‘system integrators’ 
who move data from one 
system to another 

 Need ‘user-friendly’ 
interfaces/systems 

 System built on a relational 
database that has all the 
information relevant to a given 
patient, so that there is true 
interoperability: ability of 
separate systems to cross-
populate data, in real time 

 System supports capturing and 
displaying time-based, patient-
based, unit-based data 

 Interfaces support simple data 
entry and pulling information 
(faster, more efficient 
documentation; errors/ 
disconnects more easily spotted) 

 System’s ability to recognize 
‘repetition’ when new 
documentation is introduced 
(e.g., ‘we already capture that 
data over here’) 

 System features that scan new 
documentation requirements for 
novel information/redundancies 
(don’t just add more) 

 Decreased time spent 
entering, moving, 
repeating, re-entering, 
data 

 More time with 
patients; increased 
ability to attend to 
patient issues and 
needs  

 Decrease cognitive 
workload 

 Decrease in potential 
data entry errors 
(repeated entry of 
same data increases 
chance for error) 
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Problem/Barrier Needs/Requirements System Feature Concepts Anticipated Impacts 

Lags in information 
updates means 
information in 
system is 
sometimes 
stale/inaccurate 

 Means to indicate if patient 
is highly unstable (because 
information for unstable 
patients can become 
inaccurate in short 
timeframe) 

 Means to know whether 
information in system is up-
to-date (e.g., is this an 
accurate reflection of the 
patient’s status right now?) 

 Means to know whether 
orders are in process but 
results not entered into 
system yet (e.g., cultures, 
lab results) 

 Means to know recency of 
information updates 

 Means to capture and 
disseminate changes to 
orders that occur verbally 
within sub-teams 

 Information should be time 
stamped(Q: which information in 
particular?) 

 System should highlight recent 
results (e.g., lab results, 
cultures). And also highlight 
orders that are in process 

 System should highlight/provide 
alert when orders are changed 

 System should highlight/alert 
staff to contraindications (e.g., 
patient positioning, nutrition) 
 

 Optimized patient care 
 Better use of staff time 

– reduced need for 
repeated follow-ups 

 Reduced reliance 
verbal orders 

 Reduced potential for 
error 
 

Trends are 
important 
information, but 
can’t get them from 
Essentris or other 
IT. 
No ability to keep 
track of patient 
status over time >  
24 hours.  

 Clinicians need trend 
information 

 Need view of patient that is 
more than just this shift. 
Both macro level view of 
indicators and over longer 
time spans 

 System should display trend 
information for key parameters 
(to be identified by clinical staff) 

 System should provide trend 
information over different time 
slices 

 Provide access to views of 
patient beyond current 12 or 24 
hours 

 Optimized patient care 
 Increased ability to 

spot changes in 
patient status, 
intervene quicker 
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Problem/Barrier Needs/Requirements System Feature Concepts Anticipated Impacts 

What clinical staff 
are currently on the 
unit?  

 Need to know who is 
available, and where to find 
them 

 Need access to nurse 
assignments by shift, by 
patient 

 Means to access 
assistance, guidance, 
decision makers 

 Need to know which 
specialty is assigned to 
each patient (e.g., RT)  and 
patient acuity 

 Names of who is working on unit 
that day, with patient 
assignments by room  

 Call/staff assignment roster 
 Shareable across disciplines 
 Map view of floor and display 

showing location of staff. 
 Text paging/pre-populated 

messages 
 ID with RFI tag 

 Allows staff to readily 
know who is available 
so they do not spend 
time away from patient 
trying to locate staff 

 More efficient 
communication 

 Mitigates care delays 
 Can get help when it is 

needed 

Is patient ready for 
upcoming surgical 
procedure  

 Need means to know 
whether patient is prepared 
for procedure (have they 
gotten blood products, 
antibiotics, consent, 
pregnancy test) 

 Provide roster of needed items  
(e.g., blood, antibiotics) and 
indication of whether those items 
have been satisfied 
 

 Prevent delay in 
procedures 

OR RN does not 
know enough 
about upcoming 
procedure  
to prepare surgical 
suite properly  
 
Bedside RN does 
not know enough 
about surgery as it 
is being performed 
to prepare properly 
for patient’s return  

 OR nurse needs procedure 
specific description (need 
to know more about 
specific information needs) 

 Bedside Nurse needs 
means to know what to 
expect re patient needs 
following procedure (e.g., 
what was worked on, how 
much blood given or lost, 
sedation?) 

 Provide information about 
intended procedure 

 Provide information about 
surgery in process and patient 
status 

 Nursing staff better 
prepared to care for 
specific patient needs 
at earliest opportunity 
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Problem/Barrier Needs/Requirements System Feature Concepts Anticipated Impacts 

Rounding Checklist 
not readily 
available/access-
ible to all members 
of clinical team 
 
Impact of dropped 
tasks, gaps, and 
lapses not known 
or tracked 
 
Checklist 
management is 
unclear 
(responsibility for 
making sure items 
are completed is 
unclear).  

 Means to construct 
checklist in real time 
(during Rounds) or 
immediately after  

 Means to post checklist so 
all staff have ready/easy 
access 

 Means for staff to ‘check 
off’ completed items, 
makes notes re: hold ups, 
changes/revisions 

 Means for incomplete items 
to ‘roll over’ to populate 
next day’s check list and to 
be reviewed at next-day 
Rounds 

 Checklist needs to interact with 
order and other clinical systems 

 Unit level view  that is easy to 
access and track 

  “Roll up” function: ability to look 
across patients/shifts/types of 
activities  to examine when there 
are particular activities 
consistently missed/delayed; or 
care for a particular patient 
consistently delayed 

 System supports task tripwires 
(e.g., timing). Ability to recognize 
disconnects between orders and 
implementation (e.g., order 
entered, but not reviewed) 

 Provides alerting function when 
tripwire is crossed 

 Tripwires are definable by the 
staff 

 Fewer care delays 
 More efficient order 

entry and tracking 
 Better use of staff time 
 Reflect on/improve on 

checklist performance 
 Potential unintended 

consequence: 
alarm/alert fatigue 

Reliance on 
clinician to 
mentally integrate 
data  

 Clinicians need a 
holistic/macro-view of the 
patient’s trajectory (e.g., 
are they getting better or 
getting worse over last  
24 hrs.?) 

 Provide trend data and key 
indicators (e.g., for each of the 
main bodily systems)  

 Trends on vitals, wound healing, 
medication dosing, infections 

 Clinician better able to 
focus on problem 
detection, anticipate 
need for changes in 
treatment plans, 
optimize decision 
making around patient 
care 
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Appendix C. Burn ICU Representations 

The research team developed diagrams to illustrate findings from Phases 1 and 2, 
including information sources Burn ICU clinicians use, working relationships they 
maintain.  
 
Information Sources. During our interviews and observations, we sought to find out what 
information sources Burn ICU staff members use. The following diagram shows each 
source, according to who uses it and the type of source. Our data showed 
incompatibility among these sources is one of the significant barriers that the clinicians 
face. Success of the CCS will need to integrate this assortment of sources into a useful 
whole. 
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Bedside Nurse Communication. During Phase 1, the research team gathered 
information about who individuals communicated with while working on the unit. Initial 
focus of this data collection effort was on the Bedside Nurses, as they are closest to the 
patient. The following figure illustrates the 31 relationships the Bedside Nurse needs to 
manage.  
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Working Relationships. During Phase 2, we expanded the Bedside Nurse working 
relationships diagram to define the essential patient care team. This enabled the 
research team to identify the role-specific views and communication links that are most 
important to include in the first version of the CCS interface. We posed the question 
“Who do you communicate with to do your work?” to 8 nurses, 5 respiratory therapists, 
2 PT/OTs, 1 Dietician and 1 Physician. Results from that brief survey yielded the 
following diagram. The rectangles represent the roles. Thicker lines show that the 
communication was mentioned by both parties.  
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Memory Reliance. The following concept map diagram illustrates how the ARA research 
team analyzed Burn ICU clinician reliance on memory to accomplish a task, and the 
implications it has for unit performance. The CCS is intended to spare clinicians from 
this reliance on memory.  
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Appendix D. Evaluation Measures 

“Metrics” can be defined as measurable behaviors, work processes, technology 
features, clinical outcomes, and aspects of individual and team performance. Each 
reflects the problems, needs, and requirements that we identified during Phase 1 
Cognitive Task Analysis (CTA).   
 
The research team is developing an initial set of metrics to guide the evaluation of the 
CCS during its development in order to provide evidence of the how well CCS 
addresses those problems, needs and requirements. 
 
“Methods” refers to the ways that metrics can be assessed. We are considering a range 
of methods that might be used to conduct evaluations. They include observations, 
surveys, interviews, extraction of data from existing sources, and time/distance 
measures.   
 
Candidate metrics and measures for assessing CCS utility and usability follow: 
 

Technology Metrics and Measures 

Cognitive Performance Indicators (Wiggins & Cox, 2010):  Methods might include 
expert review, interviews, surveys/questionnaires 
 
Metrics include: 
 
 Cue Prominence: Systems should allow users to rapidly locate key cues from the 

information presented. 
 Direct Comprehension: Systems should allow users to directly view key cues 

rather than requiring users to manually calculate information to comprehend 
these cues. 

 Fine Distinctions: Systems should allow users to investigate or at least access 
unfiltered data. 

 Enabling Anticipation: Systems should provide information that allows users to 
anticipate the future states and functioning of systems. 

 Transparency: Systems should provide access to the data that it uses and show 
how it arrives at processed data. 

 Historic Information: Systems should capture and display historic information to 
help users more quickly interpret situations and diagnose problems. 

 Adjustable Settings: Systems should allow users to refine and adjust settings as 
they learn more about a situation. 

 Situation Assessment: Systems should help users form their own assessment of 
a situation rather than provide decisions and recommendations. 
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Cognitive Performance Indicators (Wiggins & Cox, 2010):  Methods might 
include expert review, interviews, surveys/questionnaires 
 
Metrics include: 
 
 Cue Prominence: Systems should allow users to rapidly locate key cues from the 

information presented. 
 Direct Comprehension: Systems should allow users to directly view key cues 

rather than requiring users to manually calculate information to comprehend 
these cues. 

 Fine Distinctions: Systems should allow users to investigate or at least access 
unfiltered data. 

 Enabling Anticipation: Systems should provide information that allows users to 
anticipate the future states and functioning of systems. 

 Transparency: Systems should provide access to the data that it uses and show 
how it arrives at processed data. 

 Historic Information: Systems should capture and display historic information to 
help users more quickly interpret situations and diagnose problems. 

 Adjustable Settings: Systems should allow users to refine and adjust settings as 
they learn more about a situation. 

 Situation Assessment: Systems should help users form their own assessment of 
a situation rather than provide decisions and recommendations. 

SUS (System usability Scale; Brooke, 1998):  employs a questionnaire 
methodology, using a 5-point Likert scale. 
 
Metrics include: 
 
 I think that I would like to use this system frequently. 
 I found the system unnecessarily complex. 
 I thought the system was easy to use. 
 I think that I would need the support of a technical person to be able to use this 

system. 
 I found the various functions in this system were well integrated. 
 I thought there was too much inconsistency in this system. 
 I would imagine that most people would learn to use this system very quickly. 
 I found the system very cumbersome to use. 
 I felt very confident using the system. 
 I needed to learn a lot of things before I could get going with this system. 
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Error Analysis: most useful in the context of a scenario, methods might include 
observation, video recording analysis, think aloud protocols. 
 
Metrics include: 
 
 Use errors: missteps in the interface when trying to complete a task 
 System errors: page doesn’t display 
 Error recognition: does the user realize they made a mistake? 
 Error recovery 
 Deviation from optimal path1  

Nielsen’s Heuristics (Nielsen, 1994): Likely methods include expert review, 
cognitive walkthrough 
 
Metrics include: 
 
 Visibility of system status: System should always keep users informed about what 

is going on, through appropriate feedback within reasonable time. 
 Match between system and real world: System should speak the users’ language, 

with words, phrases and concepts familiar to the user, rather that system-oriented 
terms. Follow real-world conventions, making information appear in a natural and 
logical order. 

 User control and freedom: Users often choose system functions by mistake and 
will need a clearly marked "emergency exit" to leave the unwanted state without 
having to go through an extended dialogue. Support undo and redo. 

 Consistency and standards: Users should not have to wonder whether different 
words, situations, or actions mean the same thing. Follow platform conventions. 

 Error prevention: Even better than good error messages is a careful design which 
prevents a problem from occurring in the first place. Either eliminate error-prone 
conditions or check for them and present users with a confirmation option before 
they commit to the action. 

 Recognition rather than recall: Minimize the user's memory load by making 
objects, actions, and options visible. The user should not have to remember 
information from one part of the dialogue to another. Instructions for use of the 
system should be visible or easily retrievable whenever appropriate. 

 Flexibility and efficiency of use: Accelerators – unseen by the novice user – may 
often speed up the interaction for the expert user such that the system can cater 
to both inexperienced and experienced users. Allow users to tailor frequent 
actions. 

 Aesthetic and minimalist design: Dialogues should not contain information that is 
irrelevant or rarely needed. Every extra unit of information in a dialogue competes 
with the relevant units of information and diminishes their relative visibility 

 Help users recognize, diagnose, and recover from errors: Error messages should 
be expressed in plain language (no codes), precisely indicate the problem, and 

                                                           
1
 This metric assumes that there is an optimal path through the tech. to complete the task, if that is the 

case then deviations through that process could be noted. This might not necessarily be an error, but 
would suggest inefficiencies in the system design). 



W81XWH-12-C-0126 

Page 31 of 132 

constructively suggest a solution. 
 Help and documentation: Even though it is better if the system can be used 

without documentation, it may be necessary to provide help and documentation. 

Nielsen’s Heuristics (Nielsen, 1994): Likely methods include expert review, 
cognitive walkthrough 
 
Metrics include: 
 
 Visibility of system status: System should always keep users informed about what 

is going on, through appropriate feedback within reasonable time. 
 Match between system and real world: System should speak the users’ language, 

with words, phrases and concepts familiar to the user, rather that system-oriented 
terms. Follow real-world conventions, making information appear in a natural and 
logical order. 

 User control and freedom: Users often choose system functions by mistake and 
will need a clearly marked "emergency exit" to leave the unwanted state without 
having to go through an extended dialogue. Support undo and redo. 

 Consistency and standards: Users should not have to wonder whether different 
words, situations, or actions mean the same thing. Follow platform conventions. 

 Error prevention: Even better than good error messages is a careful design which 
prevents a problem from occurring in the first place. Either eliminate error-prone 
conditions or check for them and present users with a confirmation option before 
they commit to the action. 

 Recognition rather than recall: Minimize the user's memory load by making 
objects, actions, and options visible. The user should not have to remember 
information from one part of the dialogue to another. Instructions for use of the 
system should be visible or easily retrievable whenever appropriate. 

 Flexibility and efficiency of use: Accelerators -- unseen by the novice user -- may 
often speed up the interaction for the expert user such that the system can cater 
to both inexperienced and experienced users. Allow users to tailor frequent 
actions. 

 Aesthetic and minimalist design: Dialogues should not contain information which 
is irrelevant or rarely needed. Every extra unit of information in a dialogue 
competes with the relevant units of information and diminishes their relative 
visibility. 

 Help users recognize, diagnose, and recover from errors: Error messages should 
be expressed in plain language (no codes), precisely indicate the problem, and 
constructively suggest a solution. 

 Help and documentation: Even though it is better if the system can be used 
without documentation, it may be necessary to provide help and documentation. 
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Usability Survey (Anders et al., 2012): employs a questionnaire methodology, 
using a 5-point Likert scale and responses to open-ended questions 
 
Metrics include: 
 
 CCS contains information that will be useful to me. 
 I am able to perform routine tasks effectively. 
 I mastered CCS’s major functions in a reasonable amount of time. 
 Standard medical language is used throughout CCS. 
 I am able to detect when errors are made. 
 The interface provides the information and controls necessary to accomplish 

tasks. 
 The way CCS works makes sense to me. 
 I would likely choose not to use CCS if given the choice. 
 I feel the amount of interaction with CCS is just right. 
 My existing knowledge and skills aids me in operating CCS. 
 CCS is easy to understand. 
 The presentation of information is easy to read. 
 The organization of the information in CCS makes sense. 
 Most of the people I work with will be able to use CCS the first time they try it. 
 CCS enables me to respond effectively to order requests. 
 I can tell what CCS is doing at all times. 
 I am frustrated when using CCS. 
 CCS effectively alerts me to adverse patient conditions. 
 CCS enables me to work quickly when I am under time pressure. 
 I will recommend that other people in my unit use CCS. 
 CCS prompts me in a way that I would expect. 
 I am enthusiastic about using CCS. 
 I am able to quickly recover when I make an error. 
 CCS will change the way I take care of my patients. 
 CCS facilitates timely patient care. 
 What are your overall impressions of the CCS user interface design? 
 What 3 things do you like most about CCS’s design, specifically in terms of what 

you can do in the interface? 
 What 3 things do you like least about CCS’s design? 
 What would you want to change before you were required to use CCS? 

 
The research team’s final evaluation metrics plan, to include system requirements, 
cognitive work support, and clinical outcomes, is planned for completion in time for the 
first CCS Usability Assessment in December 2014.  
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Appendix E. Use Cases 

User Use Cases 
 
Three use cases illustrate the requirements that have been derived from Phase 1 data. 
The requirements are shown in blue below each use case. Features that relate to 
requirements are shown in bold type. 
 
Use Case 1: Synchronize Patient Care 
Users: Bedside nurse, wound care, RT’s, OT’s, Charge Nurse 
 
At 0630, a Bedside Nurse has started his preparation for the day shift by reviewing 
information on the patient he is responsible for. Opening CCS, he can see a roster of 
patients on the unit, chooses his patient’s “at-a-glance” view that shows recent vital 
signs, current orders, medications, care plan, and notes from the night shift. He 
checks the patient’s standing care plan and treatment goals (from Essentris), and 
reviews orders (from CHCS) that are pending as well as the day’s care activities that 
Wound Care team, RT’s, and PT’s have recommended and what times they can 
perform them. 
 
Based on the night shift note, the off-going Bedside Nurse entered, he knows the 
patient will not be ready for what the OT had recommended. He sends a pre-packaged 
text that will affect the planned OT activity, recommending that they postpone the 
treatment. Using the timeline in the patient view, he slides RT and Wound Care into 
slots on the timeline to sequence them. The OT line item is shown in grey, indicating 
postponed, and the nurse sends a brief CCS text message to the OT that suggests 
postponing to the next day. The OT and Wound Care sessions are shown in black, 
indicating accepted. At the same time, CCS displays for OT, RT, Wound Care, 
resident, and Charge Nurse reflect that patient’s procedure status or time. The lead 
OT sends a CCS text message that she’ll put the procedure on the proposed care plan 
for the following day. 
 
At 10:45, the Bedside Nurse receives a CCS text message that the wound care team is 
delayed because care for a previous patient took longer than planned and the team will 
be 30 to 45 minutes late. The Bedside Nurse opens the CCS patient timeline, slides the 
“wound care” session to a later position. She then selects some pre-packaged text, 
and the system pushes an alert to the appropriate team members: to the RT letting 
them know their originally scheduled activity with that patient is going to be pushed 
back. The alert also notifies the burn surgeon letting him know activities are being 
delayed…so he has a better sense of when dressing will be down for him to examine 
the patient’s wounds. 
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This use case addresses: 
 
Problem: No effective means to synchronize and adapt different aspects of patient care 
over the course of a shift, across caregiver team. 
Requirement: System shall provide access to a plan of patient care, visible to all 
caregivers responsible for that patient that includes: 
 
 Current patient status and top-level assessment Goals and priorities for those goals 
 Changes/updates (indicating that plan is being updated when one caregiver is 

working on it) Schedule of activities and any changes, timeline 
 Orders and their status 
 Identity and contact information for patient’s care team 
 
Ideas generated for system features to meet this requirement: 
 
 Visualization of patient  schedule for shift (patient x time) (shareable across team) 
 The ability to sequence or overlap patient care activities. 
 Configurable patient groupings 
 Prepackaged text to indicate changes to schedule (e.g., there is ½ hour delay or 

change in this). 
 Sequence, time of activities 
 Provide reason for delay, and remedy (using pre-packaged text) 
 Overview through time, for unit management. 
 Visually connect interdependent events 
 Prompt/notify appropriate person when change impacts their activity (e.g. when 

wound care impacts PT/OT and RT). 
 
 
Use Case 2: Order Tracking 
Users: Resident, Charge Nurse, Bedside Nurse, burn surgeon 
 
While team is rounding on a particular patient, a resident selects patient view and a set 
of previous orders that are organized in clusters populates the screen. As the 
attending physician describes what orders to enter the resident selects the relevant 
order form screen. For orders that are not routine, the resident enters the first few 
letters and relevant options populate the screen for selection. She reviews the order 
set, selects the order option, which is then then highlighted. As the Charge Nurse reads 
back the attending’s directions, the resident verifies selection of orders and submits. 
After confirming entry, the orders on her screen indicate date/time stamp, and also are 
displayed on screens of the patient’s Bedside Nurse, burn surgeon. The team then 
moves onto next patient. At the end of rounds, the resident realizes that  one of the 
orders had already been entered on the night shift and mentions it to the attending. The 
attending says “if it’s a duplicate then just cancel it.” The resident opens the patient’s 
roster of orders, selects the order, indicates “delete,” and the order type greys out and 
shows “CANX” and date/time stamp. 
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When checking the orders status (from Essentris) the resident had noticed a tripwire 
cue on the display that results for a blood culture taken at 0400 were due back from the 
lab by 0600. She sends a prepackaged text message to the lab to learn where the 
results are. The order line in the patient’s status page, which the Bedside Nurse and 
burn surgeon can also see, indicates a query is pending. Curious as to why that routine 
lab is late, the burn surgeon opens a more molar view that shows all pending labs 
and notices that test is delayed for all BICU patients. Checking by phone with the lab, 
he finds a failed lab equipment part has slowed throughput, and sends a brief CCS text 
note to all residents and Bedside Nurses to expect a delay for that particular test. 
 

 
1. Problem: Order entry is often delayed, requiring members of the clinical team to 
track down residents to remind/ask them to enter orders. Confusion also exists around 
status of orders (whether in process or complete), whether a new order is redundant 
with an existing one, or whether an order has been updated/changed. 
 
Requirement: System shall support real-time order entry – e.g., order entry during 
rounds – to mitigate delays. 
 
System shall enable multiple team members to view, update, track, and process orders 
from a simple (handheld?) application, available on numerous devices, indicating 
changes/updates and current status of each order. 
 
Once an order is in process, the system shall provide team members who act on it with 
a simple, accessible means for annotating their action in the system; the system shall 
update immediately and push notifications to subscribers 
 
The system shall enable team members to subscribe to push notifications for certain 
patients about status of in-process orders/labs/procedures. 
 
Ideas generated for system features to meet this requirement: 
 
 Order pick list and window per patient 
 Order status 
 Notify others if needed (e.g., infections control) 
- Provide prompt for delayed order entry (based on programmable timing tripwire) 
 Display information required to make decision about order available with the order 

(the relevant parameters) 
 Provide molar/aggregated view of delays for a given patient 
 System will track (and possibly highlight) when an order has been changed. 
 System will provide timestamp for orders 

(see other category on info staleness and providing timestamps). 
 
2. Problem: Lags in updating the information means that information in the system can 
be stale or inaccurate, causing lack of SA for highly unstable patients. 
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Requirement: 
The system shall allow the clinicians to know/assess whether the information in the 
system is current or out of date. 
 
Ideas generated for system features to meet this requirement: 
 Information should be time stamped (Q: which information in particular?) 
 System should highlight recent results – e.g., lab results, cultures. And also highlight 

orders that are in process. (Q: What else?) 
 System should highlight/provide alert when orders are changed. 
 System should highlight/alert staff to contraindications. (e.g., patient positioning, 

nutrition) 
 
3. Problem: Lab cultures are lab culture orders are submitted, but requestors are not 
made aware of status (whether order has been received, whether it’s pending, whether 
it’s growing something), including when results are in.., resulting in delay of treatment 
and other issues. 
 
Requirement: When any tests are ordered (lab, xray, etc.), the system shall provide 
status update (e.g., order received, in process, completed), and push results notification 
to requesters and caregivers for that patient. 
 
Ideas generated for system features to meet this requirement: 
 
 System provides news feed from lab about cultures. (Q: are there others?) 
 
 
Use Case 3: Trends 
Users: Resident, intensivist, social worker, chaplain, Bedside Nurse, RT, burn surgeon 
 
With a population of 11 patients, staff attention has focused on two patients on the unit 
who are exceptionally fragile and in need of a great deal of care. The resident and 
intensivist on call are trying to better understand how one of these patients have been 
trending over the last couple weeks. This is, in order to inform a decision about 
whether to pursue other treatment options (e.g., more aggressive debridement) or to 
transition to palliative care. The resident pulls up the patient’s integrated view that 
shows key trend information, including: 
 

a. Vital signs over last 48 hours 
b. Indicators of infection O2 saturation n such as sepsis over last 24-48 hours 
c. Indicators of wound healing over last 1-2 weeks (with photographic images in 

the specified timeframe) 
 

After looking at trends, they notify the social worker and chaplain via CCS text 
message that they have decided to talk to the family about transitioning the patient to 
palliative care. 
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For the other patient, the burn surgeon, resident, and Bedside Nurse look at the 
patient’s data together to evaluate whether he is ready for another surgery. In the 
patient’s integrated view, they open tabs to look at more detailed information in key 
categories: 
 
 Lungs (Respiration, tidal volume, O2 saturation, radiology images possibly indicating 

pneumonia) 
 Cardio/Vascular (blood pressure, arrhythmias, peripheral circulation) 
 Hematology (clotting factor) 
 Kidney (electrolytes) 
 Medications (type, dosage) 
 
They agree the patient is ready for the next procedure. The burn surgeon has the 
resident open the patient timeline and the OR timeline, Seeing an opening on the OR 
timeline, he slides the patient token onto the open slot. The patient timeline shows a 
“pending” assignment in the surgeon, resident, Bedside Nurse and the OR views. The 
surgeon accepts the assignment on his view timeline, and the patient’s view timeline 
shows “confirmed” in the surgeon, resident, Bedside Nurse and the OR views. 
 
The intensivist wants to see if there are other patients with less severe condition who 
may be in greater need of attention. The CCS unit view shows an indication the 
tripwire algorithm generated that one patient’s O2 levels are borderline. Opening the 
unit view, she picks O2 saturation as a single variable that can indicate a patient 
having potential difficulty. One patient’s O2 saturation appears to be borderline, and she 
opens that patient’s individual view, choosing a 12-day view of O2 levels. She notes 
that the patient’s O2 levels over the past week have been at or just below what she 
wants to see on  that patient. She sends a CCS text message to the patient’s resident, 
Bedside Nurse, and RT asking for a recommendation that would stabilize the patient’s 
O2 levels. Each replies within 15-20 minutes with their view and the intensivist directs 
the resident via a CCS text message to enter an order for increased O2 ventilation 
rate on cannula. 
 
In a routine check of unit-level trends, the burn surgeon opens a query in CCS on 
infections. While infections are well known for the two patients in greatest need, the 
surgeon also sees a trend of increased tests ordered for a particular pathogen, MRSA, 
that has been considered routine and limited to the two fragile patients. Shifting the time 
scale for MRSA tests to the week, the month, and two months, he sees a significant 
increase in MRSA test frequency. The surgeon sends an email to the infection control 
team asking for the duty infection control MD to come to the unit and review the trend. 
 

 
1. Problem: Caregivers need trend and macro-level information to inform SA, 
sensemaking and decision making, but this information is not readily available. 
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Requirement: The system shall provide a time-history of trend information at selectable 
time scales for key patient measures/parameters (need specifics, which parameters 
have priority, are they dependent on the patient, etc.). 
 
The system shall provide a top-level dashboard of defined parameters that visually 
represents each patient’s history on those parameters for present day, over the past 
week, over the past month, and at other time scales. 
 
The system shall show an “at a glance” and role-specific view of which patients are 
most vulnerable or unstable. 
 
The system should include tripwire algorithms that will flag and notify team of a trending 
decline or emergent instability in patient health or progress. 
 
Ideas generated for system features to meet this requirement: 
 

a. system should display role-specific trend information in configurable time periods 
such as 12 hours, 24 hours, 2 weeks. 

 
2. Problem: Lags in updating the information means that information in the system can 
be stale or inaccurate, causing lack of SA for highly unstable patients. 
 
Requirement: 
The system shall allow the clinicians to know/assess whether the information in the 
system is current or out of date. 
 
Ideas generated for system features to meet this requirement: 
 

a. information should be time stamped (Q: which info in particular?) 
b. system should highlight recent results - e.g., lab results, cultures. And also 

highlight orders that are in process. (Q: What else?) 
c. system should highlight/provide alert when orders are changed. 
d. system should highlight/alert staff to contraindications. (e.g. patient 

positioning, nutrition) 
 
Machine Learning Use Cases 
 
We start by defining terms, then provide three use cases that are specific to what the 
CCS machine learning features will perform. 
 
Definitions 
 
Current Patient: The patient that the CCS user is currently treating. 
 
Condition Point: A span of time during which a patient’s condition is evaluated as an 
aggregate. This may be fixed-time-span-based (a given day, hour, minute), or 
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automatically identified by CCS data analytics (in a yet-to-be-defined developer-level 
use case). 
 
Final Condition Point: The Condition Point when a patient exits the unit. 
 
Patient Condition: The set of values of all of a patient’s relevant data fields, for a given 
Condition Point. Note that for any given patient, these values may not be fully 
populated. In addition to vital signs, laboratory results, I/Os, and current treatments, the 
condition may also include the SOFA score, SAPS 2 score, APACHE III score, and 
POIP features/treatments scales. This may also include calculated rates of change of 
variables, and measures of whether they are near to inflection points (aggregated trend 
information).  
 
Representative Patient Cohort: A set of patients (represented by their Patient 
Conditions), from the historical record, that are inferred by CCS data analytics to be 
similar to the Current Patient at the current Condition Point. 
 
Representative Patient Condition: A theoretical (and completely populated) Patient 
Condition, constructed to best represent the Current Patient at the current Condition 
Point, based on the Representative Patient Cohort. Note that free-text relevant data 
fields are populated with statistically relevant words from those fields in records of 
patients in the Representative Patient Cohort. 
 
Subsequent Representative Patient Condition: A theoretical (and completely populated) 
Patient Condition, constructed to best represent the Current Patient, based on the 
subsequent Condition Point (one per patient) for all patients in the Representative 
Patient Cohort.  
 
Final Representative Patient Condition: A theoretical (and completely populated) Patient 
Condition, constructed to best represent the Current Patient, based on the Final 
Condition Points of all patients in the Representative Patient Cohort.  
 
 
Use Cases 
 
Use Case 1:  
Identifying possible and discrepant clinician actions according to patient current 
condition and predicted trajectory: 
 
 Actors: User, CCS 
 The use case begins when the user enters the rounds review widget. 

o CCS data analytics computes a Representative Patient Cohort and 
Representative Patient Condition for the Current Patient at the current 
Condition Point 

o CCS displays all populated values of the Current Patient’s condition in the 
patient identifier. CCS populates the patient identifier taking into account the 
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patient’s vital signs, laboratory results, I/Os and the current treatments. 
Values that are taken from the Current Patient’s Condition are displayed 
as graphically distinct from values taken from the Representative 
Patient Condition. 

o CCS displays the patient’s current orders on the left hand side of the widget.  
The recommended orders are displayed on the right side of the screen. 

 CCS categorizes the orders, and displays orders using three colors, 
one for each of the following categories: 

 Orders that are assigned to both the Representative Patient 
Cohort and the Current Patient are marked with the same color 
in both columns. 

 Orders that are assigned to the Representative Patient Cohort 
but not the Current Patient are highlighted in one color on the 
right side of screen. 

 Orders that are not assigned to the Representative Patient 
Cohort but are assigned to the Current Patient are highlighted in 
another color on the left side of the screen. 

o The user can select orders from the current orders list for discontinuation 
(removed from the patient’s task list) or modification (added to the patient’s 
task list) or orders from the suggested list (which are then added to the task 
list). 

 The use case ends when the user saves the tasks to the task list and exits the 
widget. 

 
Sub Use Cases involving the SSCI developer-level use cases:                      
 
 Constructing the Representative Patient Cohort 
 Constructing the Representative Patient Condition 
 Building a list of recommended orders. 
 Categorizing recommended orders in a list. 
 Determining orders that are similar. 
 
Use Case 2:  
Identifying worsening patient. 
 
 Actors: User, CCS 
 This use case begins when the user opens CCS and views the patient identifier 

o CCS data analytics computes a Representative Patient Cohort, 
Representative Patient Condition, Subsequent Representative Patient 
Condition, and Final Representative Patient Condition 

o The user determines if the patient data might be moving in the wrong 
direction (e.g., an inflection point where vital signs are worsening, laboratory 
results are worsening, or the pattern of current data suggest the patient might 
get worse in the next 6-12 hours) by viewing the patient identifier.  

o CCS displays warnings to the user that the patient may be getting worse 
by changing the color of the patient condition identifier or making it flash. 
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 This use case ends when the clinician enters the rounds review widget to make 
changes for the patient 

 
Sub Use Cases involving the SSCI developer-level use cases: 
 
 Determining that a patient may be getting worse. 
 Creating a warning that a patient may be getting worse. 
 Building a list of warnings. 
 
Use Case 3.   
Problem list summary and decision support. 
 
 Actors: User, CCS 
 This use case begins when the user views the Problem List within the CCS Patient 

Summary. 
o The user adds a new problem to the problem list. 
o CCS data analytics computes a Representative Patient Cohort, 

Representative Patient Condition, Subsequent Representative Patient 
Condition, and Final Representative Patient Condition 

o The CCS system adds entries to the problem list with suggested problems 
(e.g. using the clinician notes, the machine identifies 30% TBSA burns, 
pneumonia, and heart failure; using the data the machine suggests ARDS – 
P:F ratio is < 300, PEEP > 5, on the ventilator, CVP < 18).   

o CCS displays clinician entered problems and system suggested problems in 
different colors on the problem list.   

o The user right clicks (or similar design) on the problem and the following 
options appear: 

 An option to accept or reject the suggested problem. 
 An option to mark the problem resolved. 

 If the user clicks this option, CCS moves it the bottom of the 
problem list under the heading “resolved” with other problems 
that are historical. 

 Data associated with this problem.   

 If the user clicks this option, CCS displays all data used to 
suggest or is associated with this problem from the medical 
record (e.g. ARDS would show the ABG, FiO2, ventilator 
settings, CXR, notes mentioning this problem, etc.) 

 The use case ends when the user stops interacting with the problem list. 
 
Sub Use Cases involving the SSCI developer-level use cases: 
 
 Identifying problems based on the computed representative data. 
 Building a list of problems. 
 Building a list of medical record data associated with a problem. 
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Appendix F. Information Design Prototypes 

The following illustrations show the information design that evolved from the Phase 1 
data, analyses, and requirements. They include: Patient identifier, Patient System’s 
view, Rounds View (including “child-parent” interactive detail), Rehabilitation Therapist 
view, Unit view, and Family member view. 

 

 

Figure F-1. Patient Identifier 

 

Figure F-2. Unit view. 

Patient Condition:    Patient-related        Comorbidity Status: 
Burn, Wound, etc.    tasks: e.g., meds    e.g., Diabetes, Stroke, 
                  dispensed, lines     infection, etc. 
                  removed, etc. 
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Figure F-3. Patient system’s view – overview screen. 

 

Figure F-4. Patient system’s view – rehabilitation. 
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Figure F-5. Interaction Illustration. 

 

Figure F-6. Rounds View. 
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Figure F-7. Rounds Review. 

 

Figure F-8. Patient Schedule Overview. 
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Figure F-9. Family view. 
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Appendix G. Machine Learning Development Milestones 
 
Pending availability of data from Essentris: 
 
Milestone 1 [01 Aug 14]: Check in of the following features to the CCS repository, 
developed and tested on SSCI’s Synthetic Demo Patient Condition Database: 
 

1. Move consecutive condition points to single record. 
2. Update Synthetic Demo Patient Condition Data to make the number of condition 

points flexible per record. 
3. Update the test harness demo to find representative patient cohorts with these 

changes. 
 
Milestone 2 [01 Aug 14]: Publish draft CCS Data Analytics Interface based on the 
Notional GUI Design for CCS. 
 
Milestone 3 [29 Aug 14]: Determine (collaboratively with the CCS team) the subset of 
data fields in Essentris that, for purposes of the prototype, define a condition point. 
 
Milestone 4 [15 Oct 14]: Check in the following features to the CCS repository, 
developed and tested on Synthetic CCS Patient Condition Database based on 
specifications in Milestone 3: 
 
1. Represent series of condition points on one record (replicating techniques 

developed with Synthetic Demo Patient Condition data). 
2. Update test harness demo to find representative patient cohorts from the Synthetic 

CCS Patient Condition Data. 
3. Update test harness demo to demonstrate means of addressing the three SSCI-

developed user-level use cases. 
4. Publish the actual CCS Data Analytics Interface to ARA. 
 
Milestone 5 [15 Oct 14]: Check in the Database Translator that builds a CCS Patient 
Condition Database from an Essentris Database. 
 
If SSCI receives Sample Essentris De-Identified Data (from the USAISR): 
 
Milestone 6a [22 Oct 14]: Create a full size Scaled-up Synthetic Essentris Database 
from the Sample De-Identified Database. Test the Database Translator on the Scaled-
up Essentris Database. 
 
If SSCI has not received Sample Essentris Data: 
 
Milestone 6b [14 Nov 14]: Test the Database Translator on the Synthetic Essentris 
Database (SSCI to derive based on the Synthetic CCS Patient Condition Data). 
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Milestone 7 [1 Dec 14]: Create Synthetic Seeded Patient Condition Database, seeded 
with statistics from the Complete Essentris Database at the ISR (SSCI to run the 
Database Translator on the Complete Essentris Database and run CrossCat on the 
resulting CCS Patient Condition Data to determine statistics; bring statistic back to SSCI 
and create the Synthetic Seeded Patient Condition Data), and perform test queries to 
find representative patient cohorts the seeded data. 
 
Milestone 8 [31 Dec 14]: Use the  Database Translator on the Complete Essentris 
Database at the ISR to build a CCS Patient Condition Database, demonstrate finding 
representative patient cohorts from the CCS Patient Condition Database. 
 
Data Descriptions: 
 
General: 
 
Essentris Database:  Multiple patients, raw patient data in Essentris format. 
 
CCS Patient Condition Database: Multiple patients, consecutive patient condition 
points, in CCS format structured for CrossCat. 
 
Specific: 
 
Synthetic Demo Patient Condition Database:  The current demo database. 
 
Synthetic CCS Patient Condition Database:  Notional data for all CCS patient 
condition fields. 
 
Synthetic Seeded Patient Condition Database:  Synthetic data for all CCS patient 
condition fields, created using the CrossCat statistics seed from the Complete Essentris 
Database at the ISR. 
 
Scaled-up Synthetic Essentris Database:  Full-size synthetic Essentris data derived 
from small, de-identified sample Essentris data. 
 
Synthetic Essentris Database:  Full-size synthetic Essentris data derived from the 
Synthetic CCS Patient Condition Database. 
 
Complete Essentris Database at the ISR:  Full-size, actual, identified patient data. 
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